have been the subjects of wide interest and much investigation. The nature of the reflexes, the receptors, and the afferent and efferent pathways of these reflexes have been well documented (8, 12, 17, 22) . Regarding the central integrating mechanism, there were more reports on the baroceptor reflex than on the Bezold-Jarisch reflex. Using temporary occlusion of both carotid arteries as a means to activate the baroceptor reflex, it has been found that this reflex was integrated in the medulla oblongata independently of the higher centers (6, 7, 9, 32) . The pressor, cardioaccelerator, and augmentor responses subsequent to occlusion were found to be dependent on the integrity of the midline area, the dorsal ventricular grey, or the dorsal reticular formation of the medulla (9) . Th e neural structures or nuclei precisely responsible for the integration in the above area, however, have not been studied.
Opinions on the central integrating mechanism for the Bezold-Jarisch reflex are still debatable. Gellhorn (14) studied the vasodepressor response of this reflex and found that the integrity of the hypothalamus was important. On the contrary, found that the medulla oblongata was most important. Moreover, little is known regarding the precise structure, nuclei, and the pathways in the brain which are essential for the integration of Bezold-Jarisch reflex.
Since Bezold-Jarisch and baroceptor reflexes exert the same bradycardic and hypotensive responses despite the activation of different receptors, these two reflexes may share the integrating mechanism and pathways in the brain. The present investigation is designed to explore precisely the neural structures or nuclei important for the integration of these two reflexes and to compare their differences.
Particularly, our emphasis is focused on the reflex bradycardic action.
METHODS
Experiments andprocedures. A total of 59 cats weighing 2.0-3.5 kg was used. They were anesthetized intraperitoneally with a mixture of chloralose (40 mg/kg) and urethan (400 mg/kg).
Rectal temperature was maintained at 39 C throughout the course of the experiment by irradiation of infrared light. The trachea was cannulated and the right femoral artery was catheterized.
The femoral arterial pressure was monitored with a Statham P23 AC transducer and heart rate with a Grass 5P4 tachometer triggered by arterial pulses. Electrocardiogram lead I or II was monitored by a Grass 5P4 preamplifier.
All recordings were made on a four-channel Grass 5E polygraph. The right femoral vein was cannulated for intravenous injection. The left ventricle of the heart was catheterized through the right subclavian artery for intracardiac injection. The animal was placed in a prone position with the head placed in a David Kopf stereotaxic instrument. A 25-gauge spinal needle was placed in the fourth cerebroventricle for intracerebroventricular injection. Decerebration was completed by removal of all the brain tissue rostra1 to the bony tentorium (7). Electrolysis was accomplished by passing the coaxial electrode, positioned stereotaxically, into the desired area of the medulla, with a d-c current of 2 ma for 20-25 sec. A single discrete lesion was made on either side of the medulla l-3 mm rostra1 to the obex one after the other.
Bezold-Jarisch reflex was induced by injecting veratrine, 8-10 pug, into the left ventricle of the heart. Such a small dose was always ineffective when it was administered into the systemic circulation.
Reflex bradycardia was induced by elevated blood pressure following intravenous administration of epinephrme, 6 e/kgAt the end of each experiment, the head of the animal was perfused with physiological saline followed by 10 % Formalin solution. The areas of electrolysis were verified by frozen sections and stained with Weil's and/or Nissl's method.
MATERIALS
Veratrine was purchased commercially; stock solution was made by dissolving 20 mg of veratrine in 1 ml of 0.1 N HCl which was then diluted with physiological saline to 20 ml. Immediately before use it was diluted again with physiological saline in a solution of 1 pg of veratrine per 0.01 ml.
Bretylium was purchased commercially while INPEA (N-isopropyl-p-nitrophenylethanolamine) was kindly supplied by Selvi & Co., Milan, Italy, and ethybenztropine was supplied by Sandoz Pharmaceuticals. All these agents were prepared fresh before use by dissolving each in physiological saline. Each 0.05~ml solution contained 4 mg bretylium, 0.9 mg INPEA, or 0.1 mg ethybenztropine, respectively.
RESULTS
Results observed on the reflex bradycardia and hypotension induced by intracardiac veratrine, on the reflex bradycardia induced by intravenous epinephrine after brain transection, electrolysis, intracerebroventricular administration of blocking agents, and stellate ganglionectomy are presented in Tables 1, 2 , and 3. They can be summarized as follows :
Midcollicular decerebration and lower pontine transection. Figure  1 shows the effects of the decerebration and/or lower pontine LEE, KUO, AND CHAI transection on the reflex bradycardia and hypotension induced by intracardiac veratrine and the reflex bradycardia induced by intravenous epinephrine. Table 1 summarizes all results being'observed. Prior to decerebration, intracardiac veratrine produced a reduction of heart rate and blood pressure. Dtcerebration and/or together with additional transection at the lower pons did not produce any significant change of such reduction. The same procedures did not affect the reflex bradycardh induced by intravenous epinephrine either.
Electrolysis of jine structures of medulla. Table 2 summarizes the effect of electrolysis of the nuclei of the medulla related to the vagus nerve and the midline area. Figure 2 shows that, when the electrolysis was produced bilaterally in the nucleus solitarius, the reflex bradycardia and hypotension induced by veratrine and the reflex brady cardia induced by epinephrine were greatly reduced or abolished. However, as shown in Fig. 3 , when a discrete electrolytic lesion was produced on the dorsal midline area of the medulla, it did not significantly affect the maximum reduction of the heart rate and blood pressure induced by veratrine and/or of the heart rate by epinephrine. The duration of the responses in both types of reflexes, however, ~vas decreased. Figure 4 shows that when the electrolysis was produced in the ventral midline area of the medulla, the maximuru reduction of the heart rate and blood pressure subsequent to veratrine was not affected, but the duration of the response-s was shortened. The bradycardia induced by epinephrine was almost abolished. Figure 5 shows that when the electrolysis was produced, confined to the motor nucleus of the vagus on both sides of the medulla, 1-3 mm rostra1 to the obex, the reflex bradycardia induced by veratrine and epinephrine was greatly diminished, and the reduction of blood pressure was sub stantially but not significantly decreased. Figure 6 shows that when an electrolysis was produced bilaterally in ambiguus nucleus, the reflex bradycardia induced by veratrine was almost abolished and the reflex hypotensive response was substantially but not significantly decreased. The reflex bradycardia induced by epinephrine was also almost eliminated.
Intracerebroventricular administration of INPEA, bretylium, ethybenrtrofiine, or procaine. Table 3 summarizes the effects of the administration of INPEA, bretylium, or ethybenztropine into the fourth cerebroventricle on the reflex actions of the veratrine and epinephrine. Administration of 0.9 mg I-INPEA, a new 8-adrenergic blocker with no local anesthetic activity, did not affect the reflex bradycardia and hypotension induced by veratrine and the reflex bradycardia induced by epinephrine. Similarly, 4 mg bretylium, an adrenergic neuron-blocking agent, did not affect these reflexes either. However, the reflex actions were greatly reduced by intracerebroventricular administration of 0.1 mg ethybenztropine. As shown in Table 3 , ethybenztropine at a dose of 0.1 mg abolished completely both bradycardia and hypotension by veratrine and the bradycardia by epinephrine. Studies with another four animals, which were not included in this intracerebroventricular administration of procaine HCl, 0.6 Ing, only slightly decreased the reflex actions within lo-20 min after the administration.
Removal of stellate ganglion.
Surgical removal of stellate ganglia slowed down the heart rate and decreased the blood pressure but did not significantly affect the Bezold-Jarisch and baroceptor reflexes (Table 3) . After the operation, intracardiac veratrine still exerted the same potency in reducing both heart rate and blood pressure. Intravenous epinephrine produced a slight reduction of the bradycardic rcsponsc, but the reduction was not significant.
DISCUSSION
The findings of the present investigation demonstrate that, although the bradicardias induc;d by intracardiac veratrine and intravenous epinephrine are different in nature, the central integrating mechanisms involved are similar.
Bezold-Jarisch reflex is essentially integrated at the medullary level, since the midcollicular decerebrate preparation did not affect the bradycardic response. Indeed, additional transection at the level of the lower pons did not significantly decrease the reflex actions either. It thus confirms previous findings of ours (6, 9, 32) and others (20) concerning the importance of the medulla oblongata for the integration of the baroceptor and Bezold-Jarisch reflexes. Juhbsz-Nagy et al. (20) showed that decerebration did not affect the hypotensive response induced by intracardiac injection of protoveratrine or inflation of the coronary sinus, but the destruction of the vasomotor area of the medulla did. This result does not rule out the possibility that Bezold-Jarisch reflex may not exert afferent influence on the higher centers, nor vice versa. In the baroceptor reflex, such interrelationship was postulated to exist (1, 15, 18) . For example, when carotid arteries were occluded to evoke baroceptor reflex actions, cardiac arrhythmias also occurred concomitantly. The cardiac arrhythmias were eliminated by decerebration while the reflex actions were not altered. Moreover, a subthreshold stimulation of the hypothalamus or the midbrain enhanced or inhibited the induced cardiac arrhythmias (5).
The bradycardia induced by Bezold-Jarisch and baroceptor reflexes is mediated via similar pathways in the medulla. It has been known that afferents from the ninth and tenth cranial nerves make synapses in the nucleus solitarius (10). In the rabbit, the baroceptor fibers make synapses at the of the sinus nerve (11). Thus the nucleus solitarius appears most likely to be the afferent relay station for the baroceptor reflexes. In fact, Humphrey (19) has indicated that the medial portion of the nucleus solitarius slightly rostra1 to the obex represents the polysynaptic relay pathways of the sinus afferents and through this region the sinus nerve afferents are relayed to the midline depressor region of the medulla.
The midline area has been repeatedly documented as a relay for reflexes. Ablation of this area reduced the hypotensive response to stimulation of the sinus and depressor nerves (23), and the hypertensive and cardioaccelerative responses to carotid occlusion (5). Stimulation of this area caused hypotension (25, 29) and vasodilatation (23). In rats, Scherrer Before destruction, stimulation of the dorsal motor nucleus of the vagus with low intensity square-wave pulses always produced bradycardia.
The extent of bradycardia, however, was slightly less than that of stimulation of the nucleus solitarius and much less than that of the ambiguus nucleus. This suggests there must have been some fibers running from the nucleus solitarius to the dorsal motor nucleus of vagus or its vicinity, with or without synapses, to affect the reflex bradycardia action. It should be pointed out here that the dorsal motor nucleus of the vagus is in close proximity with the nucleus solitarius.
A slight involvement of the latter nucleus during electrolysis will greatly affect the reflex bradycardia.
For this reason, electrolysis of the dorsal motor nucleus of vagus was done with great caution, and data obtained in animals with histological verification showing any involvement of the nucleus solitarius were discarded. In fact the data of the nine animals presented in Table 2 were screened from a total of more than 30 animals.
It is interesting to state here that although the nucleus solitarius, the dorsal motor nucleus of the vagus, and the ambiguus nucleus are elongate structures covering almost the whole medulla, a discrete single lesion in these nuclei on either side of the medulla l-3 mm rostra1 to the obex was sufficient to abolish the reflex bradycardia.
The abolition was not an acute effect of the lesion, for, after the destruction, administration of veratrine or epinephrine in intervals of 1 hr over a period of 4-5 hr did not produce any ob- Since these agents also possess local anesthetic activity, these effects may be results of local anesthetic or other nonspecific action of these blocking agents. Our present experiment, i.e., direct application of 0.9 mg INPEA, a beta-blocking agent with no local anesthetic effect (30), into the fourth cerebral ventricle, did not affect the reflex action of either the Bezold-Jarisch or the baroceptor reflex. In addition, administration of 4 mg bretylium, an agent that also possesses little local anesthetic effect, did not affect the reflex either. This indicates that the pathways of the BezoldJarisch and baroceptor reflexes in the medulla do not contain any adrenergic synapses. On the other hand, application of 0.1 mg ethybenztropine, a cholinergic blocking agent, almost completely eliminated the reflex bradycardia and hypotension; this confirmed our previous findings on the epinephrine-induced bradycardia (28). The action of ethybenztropine is not a result of local anesthetic effect; as a topical application of procaine of as much as 0.6 mg it exhibited very little effect on the reflex actions. This further indicates that at least one of the synapses in the reflex pathway must be cholinergic.
It is generally agreed that reflex alternation in heart rate is brought about by simultaneous reciprocal changes of the sympathetic and parasympathetic influences on the heart (27). Indeed, in the isolated perfused carotid sinus, sudden and marked elevation of the intrasinusal pressure from 0 to 240 mm Hg, resulted in increased vagal and decreased sympathetic activities. The vagal activation is very prominent and very abrupt in action; it is readily adapted and is responsible for the early part of the bradycardia. On the other hand, sympathetic inhibition is relayed but more sustained (31). Our present experiment shows that removal of the stellate ganglia did not decrease the reflex bradycardia induced by intracardiac veratrine and systemic epinephrine. Thus, the vagus nerve appears to be prominent in this reflex bradycardia.
